TECHNOLOGY 



As reports, 
four out of five ideas 
of Winston Churchill 
on the future of war, 
published in 1925, 
have become reality. 
And the fifth? 
Read on... 



THE 




Fig. 1. Vertical cross section through the 
directed EMP weapon. Prompt gamma rays 
are radiated horizontally from a circular aper- 
ture to maximise the net (asymmetrical) 
Compton current parallel to the ground. The 
bomb weighs 3.4 metric tons and is 90cm 
across. (The bomb dropped on Hiroshima was 
3m long and has a mass of 4. 1 metric tons) 



OF PEACE 



In an article published in 1925, Winston 
Churchill posed five ideas on the future of 
war. The first four have all become reality. 
The first is nuclear weapons; "Might not a 
bomb no bigger than an orange be found to 
possess a secret power - nay, to concentrate 
the force of a thousand tons of cordite and 
blast a township at a stroke?" Next is guided 
missiles and rockets; "Could not explosives 
even of the existing type be guided automati- 
cally in flying machines by wireless or other 
rays, without a human pilot, in ceaseless pro- 
cession upon a hostile city?" Thirdly, poison 
gas and chemical warfare; "only the first chap- 
ter has been written in this terrible book." And 
finally, biological warfare; "Blight to destroy 
crops, Anthrax to slay horses and cattle, plague 
to poison not armies but whole districts". 

The US Department of Defense has just 
undertaken the development of the fifth and 
final suggestion. Churchill's article entitled 
Shall We All Commit Suicide?, offered as the 
last word on the technology of war a sugges- 
tion which previously seemed pseudo-scien- 
tific fantasy. But, just like his other ideas, sci- 
ence has finally caught up. Churchill's fifth 
idea; "It might have been hoped that the elec- 
tromagnetic waves would in certain scales 
[frequencies] be found capable of detonating 
explosives of all kinds from a great distance." 

A need has recently arisen for a new 
weapon which could stop nuclear reactor plu- 
tonium production in threatening countries 
seeking nuclear weapons. According to 
Pentagon sources, it could also be used to 
effectively halt conventional warfare without 
killing or injuring anyone (by destroying the 
electronic components of weapons), or, 
indeed, actually detonate all the explosives as 
Churchill imaginatively suggested 69 years 
ago. Nuclear reactors cannot be attacked with 
conventional explosive weapons without the 
risk of releasing radioactivity which could 



injure civilians. 

Harold Smith, assistant to US defence sec- 
retary Les Asin, summarised the requirements 
in December 1993: "We need a weapon today 
that will bring a reactor to a standstill, that 
would not contaminate the surrounding atmo- 
sphere." Ashton Carter, assistant US secretary 
of defence in charge of counter-proliferation, 
added during the same interview: "We're talk- 
ing about a new mission." To accomplish this, 
they have authorised the development of a 
new bomb which releases an electromagnetic 
pulse powerful enough to destroy all elec- 
tronic equipment targeted, without producing 
early fallout. 

The EMP weapon is not an essentially 
secret invention and can therefore be dis- 
cussed here in some detail. Like the neutron 
bomb, the weapon itself is a very fundamental 
concept to nuclear design, and the special fea- 
tures pertain only to the yield, height of burst, 
and an outer radiation shield. To optimise the 
EMP, the fraction of the bomb's total yield 
which appears in prompt gamma rays must be 
maximised. Prompt gamma rays are the only 
source of gamma radiation emitted at a high 
enough rate (or power) to create a charge sep- 
aration in the atmosphere sufficient to produce 
a damaging EMP. About 3.5% of the energy 
of nuclear fission is released in this form. The 
shorter the interval of time over which the fis- 
sion reaction occurs, the greater the rate of 
prompt gamma emission, the larger the elec- 
tric field, and the greater the frequency of 
EMP. Research recently declassified shows 
that the tamper of a low yield fission bomb 
absorbs over 85% of the prompt gamma rays. 

To meet these objectives the EMP weapon 
deploys a pure fission implosion bomb with 
no heavy uranium tamper. This is conven- 
tionally used to reflect neutrons back into the 
fission reaction and to protract the explosion 
process by inertia, thereby increasing the per- 
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Fig. 2. Directed EMP weapon is used operationally like the neutron bomb. However, the EMP 
weapon minimises the dangerous effects to people and maximises the high-power microwave 
(100MHz) electromagnetic pulse emission. This couples immense currents in cables, aerials and 
power lines which rise faster than lightning and burn out electromagnetic components. 



centage of mass fissioned and with it the total 
yield. The absence of a tamper therefore lets 
the core expand and the reaction be quenched 
after only a kiloton of TNT equivalent energy 
has been generated. 

The resulting one kiloton burst at 500m alti- 
tude is identical to the neutron bomb; in that 
the blast, fallout and thermal effects are virtu- 
ally negligible on the ground. The difference 
is that the neutron bomb is a complex ther- 
monuclear devise to maximise the neutron 
radiation yield; the EMP weapon is basically a 
simple pure fission device maximising the rel- 
ative yield of prompt gamma rays. 

For the purpose of countering nuclear reac- 
tors, it is anticipated that EMP bombs will use 
highly enriched uranium-235 rather than plu- 
tonium, since it is too expensive for making a 
great stockpile of bombs and is many thou- 
sands of times safer than plutonium. In fact, 
the concentration of U-235 needed to cause a 
radiation injury when ingested is more impor- 
tant for chemical poisoning to the kidneys. 

With the source of gamma radiation known, 
the problem is then using it to produce a 
directed EMP. The principle is simple: the 
prompt gamma rays are scattered on average 
every 300m in the air surrounding the bomb. 
The scattering mechanism is the Compton 
effect, whereby an electron in the air is eject- 
ed from its atom, leaving the latter ionised. 

Since the electron has a far smaller inertia 
than the ion, it travels outward faster. This 
separation of charges creates an electric field 
which, according to Maxwell's equations, is 
greatest perpendicular to the direction of the 
so-called 'Compton current'. An ordinary 
nuclear explosion in the air produces an EMP 
due to the variation of the air density with alti- 
tude, because a vertical asymmetry in the oth- 
erwise spherical Compton current is produced. 
An asymmetry in the radial current is essential 
for EMP or any radio emission: a radio aerial 
can be almost any shape except a sphere. 

The problem with the natural vertical EMP 
(which has been understood since the 1960s) 
is that, if the weapon is air burst (to avoid fall- 
out), the minimum fields occur directly below 
the detonation, and the maximum fields occur 
at a long distance in a circular region around 
ground zero. This effect again occurs in radio 
transmission: the minimum reception occurs 
directly above or below a vertical aerial, while 
the maximum fields are radiated horizontally. 



The EMP weapon creates an artificial hori- 
zontal asymmetry in the Compton current by 
absorbing the gamma radiation travelling 
upwards and downwards from the bomb in a 
natural outer shield. The prompt gamma rays jsT 
are all emitted within 10ns (for a one kiloton <n- 
bomb), which is well before the bomb has ^7 



Experience in 1962 on Hawaii, 1,300km 
from the 1.4 megaton Starfish Prime nuclear 
test (detonated over Johnston Island), showed 
that an EMP of just a few kV/m can cause 
marked effects even on old electronic systems. 
For example, 300 street lights were fused in 
30 series connected loops, dozens of burglar 
alarms were set off, and circuit breakers initi- 
ated power cuts in different circuits. Except 
for fuses, electronic equipment was not per- 
manently affected since it takes about 1 to 2J 
to burn out a valve. However, microelectron- 
ics are a crucial component of nuclear reactors 
and modem weaponry, and they are thousands 
to millions of times more vulnerable than 
valve technology. For example, an MCI 7 sil- 
icon chip (data input gate) is burned out, 
according to the previously secret Capabilities 
of Nuclear Weapons, by an EMP of just 
0.08mJ. Furthermore, promising to fulfil 
Churchill's prediction exactly, we find that 
various kinds of explosive detonators are fired 
off by an EMP of between 0.02 and 0.6mJ. 
These effects would readily occur out to a 



destroyed the shield by heat and hydrody-J 

namics. The idea of introducing such artificial j distance of between 2 and 6km from ground 
asymmetry into nuclear weapons was first put H zero. For comparison, serious skin burns, 
into practice in the successful Ming Blade^ caused for a one kiloton bomb by a thermal 
underground nuclear test at the Nevada Test exposure of 5cal/cm 2 , occur only to a ground 



Site in 1974. This was done to confirm the 
theoretical model used for surface burst nucle- 
ar weapon EMP, so that cold war missile silo 
equipment could be protected. Of greater 
interest today are the data from Dining Car,li\ 
1975 nuclear test at Nevada where military ^ 
hardware was for the first time deliberately jjSjj 
subjected to an EMP from a real nuclear^ 1 
explosion. Since the end of the cold war, the *ii 
Defense Nuclear Agency in America has clas-^ 
sified the results of such tests, and even its 
secret manual entitled Capabilities of Nuclear 
Weapons. 

The design of the EMP weapon is shown in 
Figs. 1 and 2. It is a simple and yet highly 
controllable invention. The heavy radiation 
shield, while maximising the radiation flash 
environment high in the air, absorbs most of 
the downward directed radiations and thus 
avoids producing casualties on the ground. 
The exact variation of EMP around ground 
zero is precisely determined by the solid angle 
through which radiation is allowed to escape 
from the bomb, and by height of burst. As the 
emission angle is increased, a greater amount 
of prompt gamma radiation escapes. However 
the symmetry of the radiation field also 
increases with the emission angle, which 
means that a smaller fraction of the gamma 
radiation is then radiated as EMP. On balance, 
the optimum angle is 110°, for which about 
one sixth of the prompt gamma radiation is 
emitted into the air. 

Burst at an altitude of 500m to avoid early 
radioactive fallout and to achieve a merged 
and uniform EMP on the surface below, this 
bomb would blanket a square kilometre with a 
peak EMP of 25kV/m. At greater distances, 
e.g., outside the radius of radiation absorption 
high in the air, the field decays inversely with 
distance. Therefore, the EMP falls to 6.25V/m 
at 2km ground radius, and to 2k V/m at 6km. 



radius of 500m; and the blast wave effect even 
at ground zero, where the peak overpressure 
would be 40kPa or 61b/in 2 , would not be suf- 
ficient to structurally damage concrete build- 
ings (for instance a nuclear reactor), owing to 
the very short duration of the blast from a one 
kiloton bomb. The Pentagon will therefore 
soon have at its disposal the first true weapon 
of peace. ■ 
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An alternative 

Impedance 
measurement 
part 2 

Capacitor 
sound part 6 




Circuit ideas: 

Precision full-wave 
rectifier 

Stepper-motor driver 
with forward and 
reverse 

USB-powered high- 
precision hi-fi phono 
preamp 




AIR TRAFFIC CONTROL: 

How many more air disasters? 



In July last year, problems with the existing system 
were highlighted by the tragic death of 71 people, 
including 50 school children, due to the confusion when 
Swiss air traffic control noticed too late that a Russian 
passenger jet and a Boeing 757 were on a collision 
path. The processing of extensive radar and other 
aircraft input information for European air space is a 
very big challenge, requiring a reliable system to warn 
air traffic controllers of impending disaster. So why has 
Ivor Catt's computer solution for Air Traffic Control been 
ignored by the authorities for 13 years? 
Nigel Cook reports. 



In Electronics World, March 1989, 
a contributor explained the long- 
term future of digital electronics. 
This is a system in which computers 
are networked adjacently, like places 
in the real world, but unlike the 
internet. An adjacent processor 
network is the ingenious solution 
proposed for the problem of Air 
Traffic Control: a grid network of 



computer processors, each 
automatically backed-up, and each 
only responsible for the air space of a 
fixed area. Figure 1 shows the new 
processing system, the Kernel 
computer, as proposed for safe, 
automated air traffic control. 

This system is capable of reliably 
tracking a vast air space and could 
automatically alert human operators 



whenever the slant distance between 
any two adjacent aircraft decreased 
past the safety factor. Alternatively, 
if the air traffic controllers were busy 
or asleep, it could also send an 
automatic warning message directly 
to the pilot of the aircraft that needs 
to change course. 

The existing suggestions are 
currently based on software 
solutions, which are unsatisfactory. 
For such a life-and-death application, 
there is a need for reliability through 
redundancy, and a single processor 
system does not fit the bill. System 
freezes must be eliminated in 
principle. Tracking aircraft 
individually by reliably using radar 
and other inputs requires massive 
processing, and a safe international 
system must withstand the rigours of 
continuous use for long periods, 
without any software crashes or 
system overheat failure. 

The only practicable way to do this 
is through using Ivor Catt's adjacent- 
processor network. 

Originally suggested for a range of 
problems, including accurate 
prediction of global warming and 
long-range weather, the scheme 
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electronic universe 

Designing for EMC 



Interfacing an AT keyboard 
to a PIC microcontroller 



Circuit ideas: 

Charger delay unit, Standalone button, 
latch Ozone generator, 5W Inverter 
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Part 1: 
Capacitors, 
Inductors, and 
the Electronic 
Atom. 
Nigel Cook 



Electronic Universe 



Inability to explain fundamental concepts to a wide 
audience leads to a severe problem in communication: 
to being regarded as a 'technician' who hides ignorance 
behind jargon. The ability to design circuits, but 
inability to explain everything, causes a frustrating lack of 
self-confidence for engineers in the boardroom. Jargon 
without clear explanation leads to shunning by a society 
which doesn't appreciate mere description of crucially 
important phenomena, e.g., 'capacitance' and 'inductance', 
and who want proper underlying explanations. So 
electronics, as jargon-dominated trivia, is being left out of 
newspapers and TV, despite the increasingly important 
reliance of society and science upon electronics. 

History 

A century ago, 'electronics' was the name of the latest and 
most prestigious science. But the researchers ended up in 
chaos, with Ampere's original theory of 'current' finally 
culminating in the calculated typical 1 mm/s flow of 
drifting 'electrons', versus Heaviside's 300,000 km/s 
transverse electromagnetic (TEM) energy wave (whose 
exact speed, like the local speed of light in a medium, is 
determined solely by the dielectric insulating material, 
such as air or plastic, between the conductors, not by the 
nature of the conductors themselves). This particle- versus- 
wave problem was not a new problem; it had its roots 



originally in 1680 when Christian Huygens proposed that 
light is waves, in direct opposition to Isaac Newton's 
particle theory. Eventually, in 1927, Niels Bohr invented a 
'correspondence principle' to suppress critics by accepting 
'particle- wave duality', permitting whichever calculation 
was appropriate for the problem in hand. Consequently, 
explanations became submerged by semi-empirical 
equations, while experimental electronics applications 
flourished. 

It is obvious that even if the entire mass of the cable was 
electrons, they would carry negligible kinetic energy 
travelling at 1 mm/s (since the kinetic energy equation is E 
= _ mv 2 ). Hence, a 1 mm/s electron current cannot be the 
predominant mechanism of energy transfer. Ivor Catt (b. 
1935) started developing TEM wave-based explanations 
with David Walton and Malcolm Davidson in May 1976, 
and published them between 1978-88 as Wireless World 
articles, which unfortunately were produced in an abstruse 
manner (absurdly rejecting electric current and 
displacement current out of hand using Ockham's razor, 
without including a proper replacement theory or using the 
new facts which they established to produce an 
understanding of the unanswered problems in science). 

Continuity of electric current in a circuit: a Science 
Fiction Story 

Once upon a time, everyone grasped the basic law of 
i 
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Catt's whiskers 

5 News 

• Laser-like light springs from fibre 

• Newcastle strains its silicon 

• DSP lovers get SIG 




• Mobile phone drivers are blind 

• Notepad runs on paper power 

• Image sensors get technical 
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• Hand-held for field trips 




1 Wheatstone revisited 

After Alan Bate's bridge articles, we get back to 
basics with this project from David Ponting. 

22 Batteries included 

New developments in battery technology is 
helping electronic designers the world over. EW 
looks at new developments. 

25 New products 

The month's top new products. 

34 Circuit ideas 

• Printer-port interface forms a programmable 
bipolar reference generator 

• Improved switch debouncing circuit 

40 Letters 

• DAB: The BBC replies 

• Improved hybrid power amplifier 

• FM Stereo and Class A Amplifier 

• Mobile Phones in Filling Stations 

• Modern Impedance Measurement 

• Capacitor power ratings 

• Wireless idea 

• Capacitor power ratings 

• Spectrum Pricing 

• Alternative power source 

47 Electronic universe 

Nigel Cook continues to question some 
established theories in this occasional series. 

53 Turnips and 1/f noise 

Ever thought of applying agricultural parallels to 
noise theory? Robert Craig has. 

56 Power-line communication 




Sending data up power lines has been around for 
years. J. Lejeune takes a look at where we are at 
today. 



60 Web directions 

Useful web addresses for electronics engineers. 
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